This work assessed the impact of land use and land cover (LULC) change on the socio-economic conditions of the inhabitants in the Mount Bambouto Caldera from 1980-2016. To achieve this, three time series satellite images; Landsat Thematic Mapper (TM) (1980), Landsat Enhanced Thematic Mapper (ETM) (2001), and Landsat 8 Operational Land Imager (OLI) (2016) scenes were employed to investigate the changes in LULC. The use of satellite images was supplemented with individual interviews, discussions with focus groups and key informants, and direct field observations. Five categories of LULC classes were identified namely: thick woody vegetation (natural forest and oil palms), light vegetation (croplands), savannah (grasslands), buildings (settlements), and bare grounds. The results showed that between 1980 and 2016, croplands, buildings and bare lands increased by 4%, 0.43% and 5.7% respectively while savannah/grassland and natural forest decreased by 4.4% and 5.8% respectively. Household survey revealed soil fertility decline and lack of credit schemes to be major constraints to crop production. Many religious holidays contribute to seasonal food shortages and the community faces a host of socio-economic and institutional challenges. Consequently, majority of households are destitute, live in abject poverty; which is an indication of the need for interventions by government and other development stakeholders to 
Introduction
Concerns of land use and land cover (LULC) change and soil fertility problems in agricultural systems in Africa are factors that pull the attention of many researchers, and have been winning the interest of top policy makers in recent times [1] [2] . Human population pressure has primarily been the centre of blame for the widespread land use and land cover change and its associated environmental implications [3] [4] [5] . In developing countries like Cameroon, about 80% of the populace almost solely depend on natural resource exploitation for livelihood, and with increasingly competing demands for the utilization, development and sustainable management of land resources, LULC changes are very intensive and preoccupying [6] . LULC changes such as conversions of grasslands to croplands, fallowing croplands, and the change of infertile croplands to oil palm plantations are being practised as mitigative measures against the negative impact of soil fertility decline in Cameroon [7] . Although fertiliser application is recommended and practised by many farmers, improved fallow remains a preferred management strategy by many farmers to restore soil fertility as it is considered to be an affordable alternative [2] [6] [8] . In areas of high crop production potential, the land area for oil palms and cocoa plantations is rapidly expanding into productive croplands and natural forest. The expansion in favour of plantation crops is inspired by economic returns for livelihood enhancement and usually at the expense of agricultural lands and natural forest stands [7] . The high demand for palm oil in cities for consumption and biomass energy production and improved price of cocoa at the world market in recent years have further exacerbated the transformation of current natural forest, wetlands and marginal lands into plantations [9] [10] . As a result, land use change is gaining importance as land conversion practices are becoming more frequent in many parts of the country.
Remote Sensing (RS) with high-resolution satellite data has in recent times become widely and frequently applied in studies to establish land cover changes, obtain data on degradation levels of natural resource stocks (forests and wetlands, urbanization rates, agro-activity intensity), and other anthropogenically induced changes [4] [5] [11] . Unfortunately, such bio-physical approaches would not yield information as to the why of such changes. If land use and land cover studies would be understood, the inhabitants and their socioeconomic conditions, their preoccupations, livelihood strategies, perception on land, and other implications of socio-political, cultural, and biophysical nature and institutional factors must be given keen attention [12] . Therefore, for any meaningful study on sustenance of natural endowments, incorporation of the local experiences of members of the setting, key informants and focus groups in the community will provide information on past, present and expected future land use and land cover changes [13] . There is need to go interdisciplinary and examine possible methods for integrating LULC and social research. This justifies the integration of remote sensing and household survey as important tenets to enhance the study of the dynamics of changes in land use and land cover patterns and to obtain rapid, economically viable, reliable, and accurate results [13] [14] .
According to Maro [12] , one merit of using qualitative research in social science and survey research methods to understand local perceptions of land use change is its attempt to answer the questions "why change occurs" and "so what". Using individual semi-structured interviews with local farmers to understand the relation between national and local perceptions of environmental change in central Northern Namibia, Klintenberg et al. [15] observed that a combination of local and scientific knowledge provides a more useful assessment of land use and land cover change and its implications for local land-users and managers. Hence, integration of information from household surveys and data on land use and land cover changes obtained from remote sensing provides a vivid understanding of the causes and processes of LULC changes [16] .
Studies related to LULC changes in Cameroon are rare, with most focusing on urban areas of the country [17] . There is a dearth of information on LULC change detections using remote sensing and GIS in different parts of the highlands of the country. Therefore, the objective of this study was to assess LULC changes from 1980-2016 and its implications on socioeconomic conditions and perceptions in the Mount Bambouto Caldera of the Western Highlands of Cameroon.
Materials and Methods

Study Area
The Mount Bambouto Caldera, located between latitudes 5˚44' and 5˚36'N and longitudes 9˚55' and 10˚07'E, and extending from an altitude of 200 m to 2700 m above sea level, is typical of a multi-agricultural production system in the western highlands of Cameroon ( Figure 1 and Figure 2 ). It receives between 2000 -3000 mm of rainfall annually and the mean monthly maximum and minimum temperatures are 32˚C and 17˚C, respectively [18] [19] . This area is thus classified under Agroecological Zone IV in Cameroon (humid forest with monomodal rainfall) with two seasons; the long and heavy rainy season which runs from March to October, and a short dry season extending from November to February. As a consequence of heavy rainfall, the area is prone to geohazard perturbations, specifically frequent landslides that result in loss of vegetation, property and lives [19] . Recently, the landslide swarms of 20th July 2003 within farmers belonging to the "Mundani" ethnic group, and over 95% of the inhabitants rely on agriculture for sustenance. 
Land Use and Land Cover Change Studies
The principal data source of land use land cover classification and change analysis was remotely sensed data through a series of Landsat imagery. These included Landsat Thematic Mapper (TM), Landsat Enhanced Thematic Mapper (ETM) and Landsat Operational Land Imager (OLI) scenes of the year 1980, 2001, and 2016 respectively. These data sets were obtained from the University of Dschang, Cameroon Data Gateway of the Laboratory of Environmental Geomatics database. All the Landsat images were for the same month (December). The process involved imagery acquisition, processing and interpretation. Finally, ground-truthing for data validation was carried out through extensive and random field visits to cross-check the interpreted data with existing features and verifies the accuracy of interpreted data. Random stratified sampling of some land use and land cover categories like settlements, bare ground, croplands, woody vegetation and savannah were checked. Erroneous interpretations such as palm and cocoa plantations engulfed by woody vegetation and rain-fed agriculture with trees overshadowed by woody forest were noted for correction. The reference data for the 2016 image for each land use land cover was collected from survey visits, topographic maps, and raw images. However, the reference data for the 1980 and 2001 images was collected through visual interpretation of the raw data of the Landsat images of the respective years, supplemented by field visits and purposive interviews of the elderly people in the study area.
Household Surveys
Sampling and Survey Approach A household survey for socio-economic attributes and perceptions on land use and land cover change was carried out in two phases: July 2016 and July 2017, and adopted a purposive sampling approach in selecting sites for the study. This approach was used because of the peculiar agricultural systems employed in this study area (horticultural crop production and animal rearing systems in the top plateau savannah setting, and perennial food cropping and plantation systems in the middle and lower belts). In the first survey in July 2016, field observations were carried out to obtain background information on farming systems, land uses and the peoples' perception on land exploitation and management systems.
During the survey, preparation and pre-testing of structured questionnaires was also done. In the second phase, the information gathered was used to re-design and administer 270 structured questionnaires for the collection of qualitative and quantitative data. Semi-structured face-to-face individual interviews, discussions with five focus groups and key informants ( Figure 3 ) were used to generate information on land use types, soil fertility status, current soil management 
Data Analyses
The Geographic Information System (GIS) data was projected to the Universal was used in the analysis. The pixel oriented classification with maximum likelihood method was used because it delivers better results than the minimum distance method [25] . The change analysis was conducted using post image comparison technique [26] . 
Results and Discussion
Land Use Land Cover
The major land use land cover types identified include grasslands (savannah), croplands ( 
Household Survey
Two hundred and seventy (270) questionnaires were administered to 62% and 38% of men and women respectively spread across the age range of 20 to 70 years in the study area (Figures 6(a)-(c) ). Also, 61% and 39% of the twenty-eight (28) interviews conducted were on men and women respectively. This trend of more men being interviewed than women can be explained by the fact that most women shy away from strangers, preferring the men to give such vital information about the community. More so, a greater fraction of the women are relatively less literate than the men and this makes them lack confidence in addressing matters of academics [32] . Information on questionnaire respondents such as civil status, household size, occupation, educational level, duration of stay in the community, social status, land size and land use was collected. More than 80% of the questionnaire respondents were aged between 20 and 60 years, which is the most active age group while less than 5% were above 70 years old. The observed population trend is a common phenomenon across the country and corroborates data on population stratification in Cameroon with 56% between 15 -64 years and 3% above 65 years [21] . From the number of people interviewed, 90% were married and the main occupation of the people in the study site was farming. The average farm size per household was 2 ha and the maximum size recorded was 10 ha. Over 85% of the respondents were people of elementary education and early marriage is common in the Mount Bambouto Caldera, a factor that accounts for the high percentage of couples recorded. Farm size is determined by land tenure, and constrained by the hilly topography and enclave nature of the terrain. Similar results were recorded by Peter et al. [33] who opined that small farm sizes in Ethiopia are attributed to the mountainous and rocky state of the phytogeography of the country.
The key informants implicated in the study were the Director of Community Agricultural management methods and forest exploitation over the past ten years (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) in the study area were recorded and summarized in Table 2 . Agrisilviculture agroforestry system is practised mainly around settlements and to a lesser extent in farms, with one important function being shade trees particularly in the dry season when intense sunshine and high temperatures are often recorded. Animal grazing and rearing are conspicuously absent and the decreasing forest stock due to farming can be attributed to population growth and the quest for higher living standards. Table 3 summarizes statistics of some household characteristics of the sample respondents. The average family size of the sample respondents was 7.8 persons.
The average age of the sample farmers interviewed was 42.8 years while the farm size averages for poor and better-off farmers were 2.1 and 4.9 hectares respectively.
The farm size owned by the respondents varies from a minimum of about 0.5 hectare to a maximum of 10 hectares. It is worth noting that 53% of the respondents owned less than 4 hectares of land. Also, 29% and 71% of the respondents Note: Family size refers to all persons per household resident at home during the interview, Farm size consists of all land held in one or more parcels and includes cropland, grassland, and fallow land and/or oil palm farm. *It excludes community/association owned oil palm plantations. † Wealth class: poor = respondents who suffer seasonal food shortages and have limited capacity to invest on farm land, better-off = respondents relatively at better positions, rarely face food shortages and have the capacity to purchase agricultural inputs (seeds and agrochemicals). cropland to oil palms are not only related to land degradation and lack of financial capacity, but also to multiple benefits of horticulture and/or oil palms for the community such as food supply and provision of employment that curbs rural exodus. Indeed, past socio-economic evaluations of oil palms in Cameroon confirmed that the planting of trees made a substantial contribution to the income of households [32] .
Farmers' responses in prioritizing constraints to livestock production according to wealth class are presented in Table 4 . The most frequently cited and serious problem to livestock production in the area is shortage of livestock feed (42.6%) and low productivity of local breeds (31.3%). Shortage of livestock feed was more pronounced on poor farmers (55.8%), whereas low productivity of local animals was more pronounced on better-off farmers (43.1%).
Even though livestock feed shortages are a general problem in Cameroon, the case of the Mount Bambouto Caldera Area is amongst the most conspicuous as a result of rapid conversion of previous grasslands to either cropland or settlement, even as the demand for livestock increases with population growth.
The productivity of farmers in the study area is also greatly impacted upon by their religion and customs. Table 5 portrays the total number of holidays observed in a month together with the percentage proportion of respondents attesting to such days that farmers do not engage in farming activities. This consequently affects their output negatively. This is so because farmers in the area are either Christians or followers of the native custom and therefore obliged to observe a good number of religious holidays on which they are customarily prohibited from undertaking any cropping activities. Hence, 64%, 25% and 11% of the sample respondents do strictly observe these holidays for 16, 12 and 8 days in On the other hand, a very fascinating part of this study is that majority of the poor farmers interviewed reported to suffer from seasonal food shortages between 1-3 months in a year (mainly between crop planting and just before harvesting). In general, it was observed that the religious holidays constrain labour availability for cropping during the peak demand period, and therefore, is directly responsible for the current food insecurity problem in the study area amongst other constraints.
Conclusions
Remote sensing and GIS analysis results revealed a gradual but very significant decrease in the surface area of grasslands and natural forest from 1980 to 2016 that was accompanied by an increase in the surface area of croplands, settlements/agroforestry, and bare lands in the same period. Steady population growth, the quest for diverse products in order to diversify incomes sources, and soil fertility decline over time exacerbated by constant landslides in the rainy season are the propelling factors behind farmers changing part of their land to other forms of land use. The declining soil fertility, which is primarily caused by soil erosion and regular cultivation coupled with the lack of financial capacity for its restoration account for the majority of the household food insecurity in the area. Therefore, the way forward in soil fertility management in this area would require the application of technologies that add nutrients to the soil. Such Due to the proximity of the study area to major markets (surrounding towns of Dschang, Bafoussam, Mbouda and Bamenda), building public-private partnerships around market-oriented oil palm production and horticultural food crops in general can be an entry point for encouraging investment in the use of external nutrient inputs to improve soil fertility and boost agricultural productivity. The cultural practice and enforcement of too many religious holidays in the study area reduce the availability of labor and so contributes directly to the seasonal food shortages experienced in the community. This points to the need for government and local officials to intervene through discussions with religious leaders and community elders to reduce the number of religious holidays in the area.
The results of this study provide compelling evidence that the local community in the study area is faced with a host of social, economic and institutional challenges which need to be properly addressed in seeking solutions to the problems of food insecurity in this area. Therefore, we highly recommend the involvement of interdisciplinary stakeholders and policy framework in a bid to revert the current dire situation, looking from both the biophysical and social perspectives. In particular, education and capacity building of the local inhabitants with different and novel agricultural technologies will not only tackle the problem of food security but also greatly contribute to environmental protection in the future.
